Abstract -Work on WCDMA as a concept for 3rd generation mobile communication (IMT-2000) started almost a decade ago in research projects sponsored by the European Community. The work continued with standardization activities of WCDMA in a number of standardization bodies, i.e., ETSI, ARIB, TTA and in TIPI. This year the standardization work has been transferred into one joint standardization project, 3GPP (3rd Generation Partnership Project) with members from all these standardization bodies. During the last year manufacturers and operators have also together succeeded in harmonizing all proposed cdma-based 3rd generation concepts into one standard with three different modes. The DirectSequence mode is based on WCDMA specified by 3GPP (UTRA/FDD), the Multi-Carrier mode is based on cdma2000 Multi-Carrier specified by 3GPP2, and the TDD mode is based on the TDD mode specified by 3GPP (UTRA TDD). In the paper we give a brief description of the WCDMA radio interface.
I. INTRODUCTION
The growt of mobile communications is well known. The prediction is that by year 2001, there will be more than 600 million subscribers worldwide in the cellular systems. Today the dominating standard is GSM and this will continue to be te case fbr a number cf years. GSM started as a pan-European initiative wit the first commercial systems deployed 1991. Today GSM has a footprint that covers most of the world.
At the same time as we can observe the tremendous growth of the mobile systems, there is a similar growth of internet usage, see Fig. 1 .
The combination of mobile and internet growth has the possibility to create the real driving force for the third generation systems.
The standardization of third generadon mobile communication systems is now rapidly progressing in all major regions of the world. These systems, that go under the ITU name of IMT-2000 and within ETSI as UMTS (Universal Mobile Telecom1munications System) will extend the services provided by curent second generation systems (GSM, PDC, IS-136, and IS-95) with high-rate data capabilities. The main application for these high-rate data services will be wireless packet tsfer, e.g. for wireless access to the internet. However, UMTS will also support high-rate circuit-switched services such as video.
Wideband CDMA (WCDMA) has been chosen as basic radio-access technology for UMTS/IMT-2000 in all major areas ofthe world.
Compared to second generation narrowband CDMA, the WCDMA radio interface offers significant improvements, in addition to the support of higher-rate services. (3rd Generation Partnership Project). 3GPP is a joint project between ETSI (Europe), ARIB & TTC (Japan), TI (USA) and TTA (Korea) with the task to specify a third generation system with the UTRA radio access network connected to a GSM based core network. The target for 3GPP is to have a complete specification ready by the end of 1999.
IV. HARMONIZATION OF 3G STANDRARDS
The UTRA radio-interface has also been submitted to ITU as a candidate radio-interface for IMT-2000. In parallel to the WCDMA activities in Europe, there has also been extensive work on third generation WCDMA in Japan, Korea All Radio Access Network modes should be able to connect to both types of core networks, see Fig. 3 . The OHG also invited major manufactres to their meetings during the spring of 1999. Finally, in May 1999 the OHG and the invited manufactures concluded the harmonization discussion at a meeting in Toronto, Canada.
The agreement in the industry of cdma based 3G systems is as follows: The cdma DS mode should be based on WCDMA (specified by 3GPP). The agreement also said that 3GPP should do some minor modifications of the existing specifications. This is described later in the paper. Further, the WCDMA standard should include hooks to make it possible to connect WCDMA with ANSI41 based networks.
The MC mode should be based on the cdma2000 MC (Multi Carrier) mode (specified by 3GPP2). The cdma2000 MC specifications should include hooks to make it possible to connect cdma2000 MC with GSM based networks.
The TDD mode should be based on the UTRA TDD mode. Now work is going on to harmonize the UTRA TDD mode with the Chinese TD-SCDMA system. Again, the TDD specifications should allow fir connections to both GSM and ANSI41 based networks.
In conclusion, the harmonization activities has resulted in one cdma 3G standard with three modes, i.e., a DS mode based on WCDMA, a MC mode based on cdma2OOO and a TDD mode based on UTRA TDD. Currently the standardization projects 3GPP and 3GPP2 are working on the last details of the dit 3G cdma modes. As ahrady mentioned, the first complete specifications will be ready by the end of 1999. Comparing with GSM architecture, UTRAN corresponds to the BSS (Base Station Subsystem). The lu-interface between UTRAN and the core network correspond to the A-interface in GSM (Gb interface in GPRS). The Iub-interface corresponds to the A"-interface. A new interface is the lur-inerfa between the RNC's to support the soft handover functionality. Last, but not least, is the afr-interface between the basestation and the terminal (Node B and UE in Fig. 4) .
A radio inteface based on wideband direct sequence CDMA gives the opportunity to design a system with properties fulfilling the third generation requirements. The key properties that are emphasized in WCDMA are:
Improved performance over second generation systems including -improved capacity -improved coverage This is necessary to facilitate channel estimation in the terminal, since each connection will have a difrent antenna pattern, which in tum is a part ofthe channel.
Other important details on the physical layer is the TPC (Transmit Power Control commands) and TECI (Transport Format Combination Indicator). Note that TPC is included in both uplink and downlink, although only necessary for the downlink. Note that, in contast to 2nd generaion narrow-band CDMA systems, WCDMA uses fast power control also in downlink. The reason to have TPC also in the uplink is to improve performance. TFCI makes it possible to have fast variable rate supported, i.e. to provide high flexibility.
Another important requiment that must be filfilled is the support of HCS (Hierarchical Cell Structures) in Fig. 6 .
In OHG also agreed that the DS mode should have a common code multiplexed pilot. For cells with no "4smart" antennas or with no sophisticated trasmit diversity schemes it was argued that a common pilot might provide better performance, compared to only using dedicated pilots. These modifications (chiprate and common pilot) are now incorporated into the latest versions of 3GPP specifications.
As mentioned earlier it should be possible to connect the WCDMA radio interface to an ANSI-41 network. In the OHG agreement Fig. 7 is used to describe how this will be done.
For a connection of WCDMA (including the radio protocols up to Layer 3 RR) to a GSM network or to an ANSI-41 network, the radio protocols defined in 3GPP should be used. However, 3GPP has until now only been working on a WCDMA to a GSM core network connection. Therefore some modifications/additions cf the WCDMA radio protocols may be needed. This is to guarantee that all services and functionality in an ANSI- connecting to a GSM network and taken from IS634 when connecting to an ANSI-41 network.
In Fig. 7 In parllel to WCDMA it will be two other cdma standards, cdma2000 MC and TDD. DZRECr SPREAD Figure 7 . Connection of WCDMA to both GSM and ANSI-41 networks.
